Drought in Iraq was assessed using three drought indices for two different time periods, past period from 1970 to 2015, and future period from 2016 to 2050 for 4 stations (Mosul, Baghdad, Rutba, and Basra) in Iraq. These indices include: the Standardized Precipitation Index (SPI), Percentage of Precipitation Anomaly (PPA), and Z-Score Index (ZSI). The main sources of data were the monthly rainfall archive from Iraqi Meteorological Organization and Seismology (IMOS) for past period, and projection monthly precipitation data from Representative Concentration Pathway scenario (RCP4.5) for Fifth Assessment Report (AR5) affiliate to the Intergovernmental Panel on Climate Change (IPCC) for future period. The results showed good correlation of among the three indices, with different rank of them, were the lowest rank was 0.85. The three indices refer to were perfect to evaluate the drought severity of Iraq. It was found that the best index was PPA during past period, and the significant index was ZSI for the future period. The Mosul Station (North of Iraq) was the least vulnerable to drought according to analysis of the results of the three indices for the last period, the number of dry seasons were 12 on the basis of the PPA classification. Basra station (South of Iraq) has the highest number of wet season on the PPA classification. were (15) season.
Introduction
Drought is a natural phenomenon where there is a water depletion of reservoirs on the surface (lakes, and rivers), or water below the surface (soil moisture, and groundwater). Scientists disagreed on a common definition of drought because of the different conditions that lead to water supply shortages from one region to another, and season to season. The scientists identified 4 types of drought: Meteorological drought, Hydrological drought, Agricultural drought, and Socio-economic drought [1] . All climate systems in the world can be affected by drought as it is not limited to desert areas only. The risk of drought has negative effects on various economic and environmental sectors, including agriculture, food supply, hydropower generation, health sector, and etc. There are a number of indices that help in assessing the severity of drought in any region [2] . The 2 consequences and characteristics of drought must be understood in order to take appropriate measures to reduce its risk [3] . This study focuses on the assessment of drought in Iraq by studying the behavior of three meteorological indices named: Standardized Precipitation Index (SPI), Percentage of Precipitation Anomaly (PPA), and Z-Score Index (ZSI) for two study periods, first period was observation data from 1970 to 2015 (past period), and second period projection data from 2016 to 2050 (future period).The results of these indices were compare between them.
Drought Indices
Drought indices are numerical numbers calculated to determine the severity of drought using climatic or hydrological inputs (weather factors). They show the measurement of dry condition for a certain period of time. Since there is no single definition suitable for all types of drought, there is no single index that can explain drought or apply to all droughtaffected sectors [2] . Standardized Precipitation Index (SPI) established by McKee et al. in Colorado State University, 1993. It is based on precipitation data only. Its fundamental strength lies in its ability to be calculated to a variety of time scales from 1 month to 72 months [4] . It is usually applied to monitoring drought conditions and early warning, in a wide range of academic research in specialized scientific sections in this field, and in many organizations and bodies specializing in the field of meteorology around the world [5] . Positive SPI values indicate that the precipitation is of more than the mean whereas the negative values indicate the reverse. Once the value of random variable Z or SPI are obtained arithmetically using approximation, the cumulative probability of the variable Z can be calculated as in the following equation [6] :
Where: ° = 2.515517, 1 = 0.802853, 2 = 0.010328, 1 = 1.432788, 2 = 0.189269, 3 = 0.001308 India Meteorological Department suggested the Percentage of Precipitation Anomaly (PPA) in 1971. The PPA is based on percentage anomalies of precipitation from its long term mean [7] . The negative values in which the precipitation amounts are less than the average duration of the study, positive values are the amounts of precipitation greater than average. It is index given by equation (2) [8]:
Where: P is the total of precipitation for a selected rainy season and ̅ is the average precipitation for the entire period. Z-Score Index (ZSI) is a commonly used index for drought assessment. It is coefficient of variation of rainfall anomaly, refers to standard deviations where values are lower or higher than the average. It does not resemble SPI because it does not need data control in the form of Gamma or Pearson Type III distribution [9] . It is calculated by dividing the product by subtracting the average of precipitation amount for the entire study period from precipitation amounts for the specified rainy season on the standard deviation. As in the following equation [10] :
Where: ̅ is the long time precipitation average, P i is total precipitation in selected rainy season, SD is define as standard deviation of study period. Table 1 shows the classification of SPI [5] , PPA [8] , and ZSI [9] . [13] . Figure 1 shows location of weather stations and grid point of RCP4.5 scenario used in this study. 
Results and Discussion

Drought Indices analyses
The seasonally SPI was calculated on a time scale of six month (SPI-6), by calculated average monthly index values during the rainy months only. Figure ( Table 3 shows that maximum and minimum values of SPI-6, and ZSI for 4 stations for future period. The number of wet, dry, and near normal rain seasons were determined on the basis of PPA classification for past period. Baghdad station (center of Iraq) has the largest number of dry seasons (18 cases), and Rutba station (west of Iraq) was second rank has (17) dry seasons. Dry seasons due to lack of precipitation amounts in comparison with the normal rates of the region. The largest number of wet seasons in the south of Iraq (Basra station) were (15) seasons. Wet seasons are due to the increase of precipitation amounts comparison with the normal rates of the region. Based on the SPI-6 classification were the number of dry seasons (about 5) for each study period of all stations. Based on ZSI classification the number of dry season about 6 for all stations of both periods except Basra station has the largest number of dry seasons (8) for past period. The wet season based on ZSI classification for past period about 6 wet seasons for all stations. Table 4 shows the number of dry, wet, and near normal seasons based on classification of indices for past period, and table 5 for future period. 
The Relationship between Drought indices
The results of analysis for the seasonally three drought indices for past period for four region (north, center, west, and south) (Mosul, Baghdad, Rutba, and Basra) stations respectively showed that they all had a strong positive relation between each other. However, the strongest correlation was between ZSI, and PPA with a perfect correlation coefficient (R=1). The relationship among SPI-6 and other indices also give a high correlation (0.85). Table 6 shows the correlation coefficient of the three indices for the four stations. 
PPA and ZSI
The three indices used in this study are good in assessing of drought severity in the study area. It is found that the percentage of precipitation anomaly (PPA) is the best index to determine the rain seasons (wet, dry, near normal) during past period 45 rainy season. Also, it is found that the Z-score index (ZSI) is the best index to determine rain seasons (wet, dry, near normal) during future period 35 rainy season.
Depending on the classification of PPA, and ZSI which divided into three categories (wet, dry, and normal) seasons, where (±19% for PPA, and ±0.99 for ZSI) the precipitation is close to normal. Figure 5 shows the PPA values of four stations for past period. Figure 6 shows the ZSI values of four regions for future period. 
Conclusions
Based on the results obtained through this study for the two study periods and (2016-2050). One can conclude that:  The center of Iraq (Baghdad station) was the most prone to drought from the results analysis of the 3 indices for the past period. The number of dry seasons were 18 based on the classification of PPA, followed by the west of Iraq (Rutba station) based on the same index. Rutba station has the highest number of dry seasons based on the classification of SPI-6 with (5) dry seasons for past period.  All drought indices had a strong positive relationship between each other for past period. However, the weaker correlation coefficient (R) between SPI-6 and other indices were exceeded (0.85) for 4 stations.  All indices were good in assessing of drought severity in the study area, but the percentage of precipitation anomaly (PPA) is the best index to determine the rain seasons (wet, dry, near normal) during past period, and the Z-score index (ZSI) is the best index to determine rain seasons (wet, dry, near normal) during the future period.
